INTRODUCTION
============

Low-dye taping (LDT), was first developed by Dr. Ralph Dye, and is a well-known technique commonly used to treat plantar heel pain including plantar fasciitis \[[@B1][@B2][@B3][@B4][@B5]\]. It has been reported that the anti-pronation effect of LDT is the main mechanism for reducing plantar heel pain \[[@B1][@B6][@B7][@B8][@B9]\]. LDT also has an effect of increasing the heel pad thickness \[[@B6][@B10]\], therefore LDT can give a cushioning effect on the heel.

Heel pad atrophy is the second leading cause (14.8%) of plantar heel pain \[[@B11]\] and must be differentially diagnosed as compared to plantar fasciitis. If heel pad atrophy has occurred, there is destruction of the fibrous membrane, loss of moisture content and decreased elasticity of the soft tissue that leads to reduced shock absorbing mechanism \[[@B12]\]. Therapeutic insole and heel cushion are usually used in patients with heel pad atrophy, and this application can reduce plantar heel pain by preserving heel pad and dispersing pressure under plantar area \[[@B13]\]. However, insole and heel cushion are difficult to apply indoors. For this reason, LDT is also commonly used in heel pad atrophy for its effect of increasing the heel pad thickness \[[@B10]\] and LDT can be easily be applied indoors.

In the previous studies, the changes of peak plantar pressure after LDT were different from study to study. Russo and Chipchase \[[@B14]\] reported that peak plantar pressure was increased under heel and lateral midfoot in healthy participants. In other study conducted by Lange et al. \[[@B7]\] for healthy people with navicular drop, there was a significant decrease of peak plantar pressure of heel and forefoot area. Saxelby et al. \[[@B1]\] and Van Lunen et al. \[[@B4]\] also reported a decreased peak plantar pressure of hindfoot after LDT was used in patients with plantar fasciitis. Conversely, some studies reported that there was no statistical change in plantar pressure of hindfoot after LDT \[[@B6][@B15][@B16]\]. However, previous studies regarding the change of plantar pressure after LDT, were usually performed and reviewed on healthy people, and plantar fasciitis patients. Because the biomechanical effect of orthosis is different between healthy and pathologic conditions, it might explain the inconsistent results of previous studies. Furthermore, to the best of our knowledge, there was no previous study about the change of plantar pressure only in heel pad atrophy patients.

To our knowledge, the applied LDT methods to subjects in previous studies were different from each other. There are various modified versions of LDT, which are composed of several common components such as transverse strip, cross strip, U-shaped strip and figure-8 strip \[[@B17][@B18]\]. Among those components of LDT, U-shaped strip and figure-8 strip would have the biomechanical effect affecting hindfoot area. Therefore, we investigated the effect of LDT, which consists of utilizing a U-shaped strip and transverse strip, and figure-8 modification of low-dye taping (MLDT) on heel pain and plantar pressure of hindfoot, but used only in heel pad atrophy patients.

MATERIALS AND METHODS
=====================

Participants and characteristics
--------------------------------

From May 2015 to June 2016, patients who visited foot clinic of Bundang Jesaeng General Hospital and diagnosed with heel pad atrophy by clinical findings and ultrasonography were selected to be study participants. The clinical findings include that (1) pain exists in the center of the heel or along the edges of the heel, (2) pain is aggravated with longer duration of standing while barefoot or on a hard floor, (3) tenderness exists in the center of calcaneus, (4) the calcaneus is palpated. Ultrasonography was performed to measure the participants\' heel pad thickness, using LOGIQ E9 (GE Healthcare, Milwaukee, WI, USA) equipped with linear probe (GE ML6--15, 4--15 MHz). Patients who presented at least three of these clinical findings and who had a thickness of the heel pad of 3 mm or less in ultrasonography were diagnosed with heel pad atrophy \[[@B19]\]. Exclusion criteria included (1) patients with other musculoskeletal disease that can present plantar heel pain, like plantar fasciitis and (2) patients with neurovascular disease that can influence gait pattern. Participants were diagnosed with heel pad atrophy on their first visit to the hospital.

Taping method
-------------

### Low-dye taping \[[@B17][@B18]\]

Taping was done (1) from the first metatarsal head to fifth metatarsal head transversely, (2) from the lateral side of fifth metatarsal head to medial side of first metatarsal head like U-shape, (3) two more taping were applied (2), letting them overlap about 2/3, and (4) finally, the metatarsal head was taped transversely ([Fig. 1A](#F1){ref-type="fig"}).

### Figure-8 modification of low-dye taping \[[@B17][@B18]\]

Taping was done (1) from the first metatarsal head to fifth metatarsal head transversely, (2) from the first metatarsal head to the heel, and back to the first metatarsal head like water drop shape, (3) from the fifth metatarsal head to the heel, and again back to the fifth metatarsal head, (4) from the first metatarsal head to the fifth metatarsal head via the heel like number 8 shape, and (5) finally, the metatarsal head was transversely taped once again ([Fig. 1B](#F1){ref-type="fig"}).

Participants learned how to do LDT and MLDT on their first visit to the hospital. We instructed participants to do their daily living with barefoot, LDT and MLDT for different timeframes each day in a week.

Outcome measure
---------------

### Heel pain

Participants were instructed to record their worst heel pain during daily living with barefoot, LDT and MLDT without figure-8 strip. Plantar heel pain was recorded with visual analogue scale (VAS).

### Peak plantar pressure

Participants revisited the hospital within 2 weeks. When they revisited the hospital, the researchers performed pedobargraphy via EMED system (Novel GmbH, Munich, Germany) to measure peak plantar pressure. To get rid of influence of heel pain on participant\'s gait pattern, pedobarography was performed only when the participant had mild plantar heel pain (less than VAS 3). Pathologic gait patterns such as limping gait or antalgic gait, were not seen during performing pedobarography. Peak plantar pressure was recorded at the random step while the participants were walking as usual, and the mean value of peak plantar pressure of five trials was used in statistical analysis. The plantar area was classified to four regions, such as toes, forefoot, midfoot and hindfoot. Peak plantar pressure was recorded from each of the studied regions. A participant performed pedobarography with barefoot, LDT and MLDT, continuously. In order to remove learning effect, each type of LDT was applied in random order after measuring with barefoot state and a participant was allowed to rest at least 5 minutes between each set of measurements.

Statistical analysis
--------------------

SPSS version 18.0 for windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The peak plantar pressure and recorded VAS during daily living with barefoot, LDT and MLDT were compared using Wilcoxon signed-rank test. The relationship between the degree of change in pain (ΔVAS) and peak plantar pressure (ΔPPP) after LDT and MLDT group was analyzed using spearman correlation coefficient. Statistical results were noted as mean±standard deviation. The p-value \<0.05 was considered statistically significant. This study was approved by the Institutional Review Board of Bundang Jesaeng General Hospital (No. RM17-04).

RESULTS
=======

Characteristic of subjects
--------------------------

The total participants in the study were 19 patients (32 feet) who consisted of 5 males (9 feet) and 14 females (23 feet). Thirteen participants had heel pad atrophy in both sides. Participants were primarily middle-aged (mean, 51.5±14.1 years; range, 28--80 years), normal in BMI (mean, 22.6±2.6 kg/m^2^; range, 17.7--28.3 kg/m^2^). The mean value of loaded heel pad thickness was 1.67±0.65 mm ([Table 1](#T1){ref-type="table"}).

Change of heel pain during daily living after LDT and MLDT
----------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows participants\' heel pain during daily living with barefoot, LDT and MLDT. Participants felt less pain after MLDT (Z=−4.81, p\<0.01) and LDT (Z=−4.82, p\<0.01) during daily living. The effect of MLDT on heel pain reduction was greater than the effect of LDT (Z=−3.345, p=0.001).

Change of peak plantar pressure after LDT and MLDT
--------------------------------------------------

Peak plantar pressure of hindfoot was significantly decreased after MLDT (Z=−4.92, p\<0.01) and LDT (Z=−3.49, p\<0.01). Moreover, peak plantar pressure of hindfoot in MLDT group was significantly lower than that of LDT group (Z=−4.49, p\<0.01) ([Table 2](#T2){ref-type="table"}).

Relationship between ΔVAS and ΔPPP during daily living
------------------------------------------------------

The degree of change in pain and peak plantar pressure was calculated. ΔVAS was defined as (VAS in barefoot - VAS in each of LDT method) divided by VAS in barefoot. DPPP was also calculated with the same method.

There was no significant relationship between ΔVAS and ΔPPP after MLDT (correlation coefficient=−0.298, sig=0.098) and LDT (correlation coefficient=−0.087, sig=0.635) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The results of our study demonstrate that LDT and MLDT reduce peak plantar pressure of hindfoot and plantar heel pain during daily living in heel pad atrophy patients.

Previous studies have shown the effect of LDT in patients with plantar heel pain. According to the previous studies conducted by Radford et al. \[[@B2]\], LDT group reported 31 mm reduction in first step pain (71.4 to 41.4) on 100 mm VAS and this effect was superior than sham group (72.0 to 54.0) in plantar fasciitis patients. Landorf et al. \[[@B5]\] and Ha et al. \[[@B6]\] also reported reduced heel pain after LDT. Our study, for patients with heel pad atrophy, showed reduced plantar heel pain after MLDT (6.5 to 3.5) and LDT (6.5 to 4.2), so LDT is also proven to be effective in patients with heel pad atrophy. LDT is often thought as a temporary brace because of loosening of taping over time \[[@B15][@B20]\]. Therefore, our study has the strength of recording significant reduction of the worst pain 'during daily living,' while previous studies recorded immediate pain relief after LDT. Our result suggests that LDT can be clinically feasible in daily living.

We hypothesized that peak plantar pressure would be decreased after LDT because of heel cushioning effect. In our study, there was significant decrease of peak plantar pressure under hindfoot area after applying LDT and MLDT, which is consistent with previous studies conducted by Lange et al. \[[@B7]\], Saxelby et al. \[[@B1]\], and Van Lunen et al. \[[@B4]\]. For accurate measurement of the changes in peak plantar pressure, we tried to eliminate factors that could affect plantar pressure during gait. First, we only included patients with heel pad atrophy in this study. Each disease that can cause plantar heel pain has a different pathology and the response to LDT can vary from disease to disease. Second, previous studies did not describe about participant\'s heel pain during measuring pedobarography. Plantar heel pain during gait could influence participant\'s gait pattern and also influence recorded peak plantar pressure during gait. Therefore, we measured peak plantar pressure only when the participant\'s heel pain was less than VAS 3. Gait speed also can influence plantar pressure of heel. We instructed participants to perform pedobarography with usual walking speed. In our study, gait speed during pedobarography were not different with barefoot (0.29±0.05 m/s), LDT (0.29±0.06 m/s), and MLDT (0.28±0.05 m/s).

In our study, heel pain and peak plantar pressure of hindfoot were reduced after MLDT and LDT. Even though there was no statistically significant relationship between ΔVAS and ΔPPP, there was tendency that patient with greater reduction in heel pain also had more change in peak plantar pressure of hindfoot. This result might support our hypothesis that LDT reduces heel pain by reducing peak plantar pressure of hindfoot.

LDT technique usually restricts excessive pronation of subtalar joint and mid-tarsal joint \[[@B4][@B5][@B6][@B9][@B17]\]. LDT also has a similar effect to heel cushion. Ha et al. \[[@B6]\] reported that loaded heel pad thickness was increased after LDT, and Yi et al. \[[@B10]\] also reported that heel pad thickness and compressibility of heel pad increased after LDT. LDT has a variety of modified versions, and one of the most commonly used modifications is adding figure-8 taping around the heel area \[[@B16][@B17]\]. Ator et al. \[[@B21]\] compared the changes in navicular height when LDT and figure-8 modified version of LDT were performed, but there was no statistical difference in the change of navicular height according to different LDT methods. There was no previous studies comparing the change of peak plantar pressure with different LDT methods. In this study, MLDT was more effective in reducing heel pain and the peak plantar pressure of hindfoot than LDT. Figure-8 and water drop shape taping around hindfoot would play a role in gathering the soft tissue of the hindfoot and a role similar to the plantar fascia, which is supporting longitudinal arch of foot.

This study has some noted limitations. First, the number of participants was small. Second, we did not measure the change of heel pad thickness after LDT, therefore we were not able to check results regarding the relationship between the change of heel pad thickness and the change of peak plantar pressure. Third, because we only separate plantar area into four pieces, we could not check the effect of LDT about restricting excessive pronation. Lastly, we did not ask participants about their preference for each of the application taping methods. With that information, our results would be more helpful to choose specific LDT method for management in patients with heel pad atrophy.

In conclusion, both type of LDT are clinically effective for heel pain reduction in patients with heel pad atrophy and reduce peak plantar pressure under hindfoot like heel cushion. Also, MLDT is more effective taping technique for heel pain management than LDT in patients with heel pad atrophy. Further studies are needed to determine whether MLDT is more effective than LDT in patients with other plantar heel pain, such as plantar fasciitis.

**CONFLICT OF INTEREST:** No potential conflict of interest relevant to this article was reported.

![(A) Low-dye taping and (B) figure-8 modification of low-dye taping.](arm-42-222-g001){#F1}

###### Baseline characteristics of participants (n=19)
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Values are presented as mean±standard deviation or number (%).

BMI, body mass index.

###### Change of heel pain and peak plantar pressure after low-dye taping
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Values are presented as mean±standard deviation.

MLDT, figure-8 modification of low-dye taping; LDT, low-dye taping; VAS, visual analogue scale; PPP, peak plantar pressure.

^a)^p\<0.05, indicating difference between MLDT and LDT group was statistically significant.

^b)^p\<0.05, indicating difference between barefoot and MLDT group was statistically significant.

^c)^p\<0.05, indicating difference between barefoot and LDT group was statistically significant.

###### Relationship between ΔVAS and ΔPPP
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Values are presented as mean±standard deviation.

VAS, visual analogue scale; PPP, peak plantar pressure; MLDT, figure-8 modification of low-dye taping; LDT, low-dye taping.
